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We report on amorphous organic thin films that exhibit efficient third-harmonic generation at
telecommunication wavelengths. At 1550 nm, micrometer-thick samples generate up to 17 mW of
green light with input power of 250 mW delivered by an optical parametric oscillator. This high
conversion efficiency is achieved without phase matching or cascading of quadratic nonlinear
effects. With these films, we demonstrate a low-cost, sensitive third-order autocorrelator that can be
used in the time-frequency domain. © 2004 American Institute of Physics.
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Driven by the development of all-optical networks with
increasing bandwidths, ultrafast lasers are gaining in power
and portability. Mode-locked erbium doped fiber lasers that
emit subpicosecond pulses at telecommunication wave-
lengths have been demonstrated with average power of sev-
eral hundred mW.1 Other widespread applications for the use
of such lasers include terahertz imaging,2 nonlinear
sampling,3 optical coherence tomography,4 and multiphoton
imaging.5 With the development of these high-power ul-
trashort laser sources, there is an increasing need for practi-
cal, accurate solutions for pulse diagnostics.
For the characterization of femtosecond and picosecond
pulses, techniques based on second-order nonlinear pro-
cesses are widely used in noncollinear or collinear geom-
etries, providing intensity and interferometric autocorrela-
tions, respectively.6 Other second-order autocorrelation
techniques are based on two-photon absorption processes in
semiconductors.7 These processes are usually sensitive
enough that low energy pulses can be characterized, but suf-
fer from limited sensitivity to a particular pulse shape. For
instance, second-order autocorrelations, being symmetrical
functions, do not provide information on the pulse asymme-
try. Furthermore, the second-harmonic signal is generated in
thick crystals in a geometry that satisfies phase-matching
conditions. Hence, the process is polarization sensitive and
has a limited wavelength tunability range.
Third-order nonlinear processes have been recognized to
be superior to second-order ones but are limited in sensitivity
due to the lack of materials with strong third-order nonlin-
earity and transparency. Most of these third-order techniques
are currently implemented with fused silica. Third-order au-
tocorrelation can be implemented by using three-photon ab-
sorption in photodiodes.8,9 But the sensitivity of these tech-
niques is limited when simultaneous measurement of the
spectrum of the nonlinear signal is required to retrieve infor-
mation on the phase of the pulse, like in frequency-resolved
optical gating (FROG) techniques.10 Recently, Third-
harmonic generation (THG) was demonstrated in
poly(p-phenylenevinylene) (PPV),11 and applied to autocor-
relation. However, these films require conversion from a pre-
cursor at elevated temperature and are known to be unstable
under illumination.
In this letter, we report on amorphous organic thin films
that exhibit efficient THG at telecommunication wavelengths
when excited with unamplified ultrafast pulses. Microwatt-
level THG signals are used to generate third-order autocor-
relation traces for characterization of the laser pulses. The
third-order autocorrelator we demonstrate has several advan-
tages: the third-harmonic signal is strong enough that it can
easily be detected with a standard unamplified silicon detec-
tor which makes it practical and low cost; with such high
signal levels, simultaneous measurement of the spectrum is
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possible with compact portable low-cost fiber spectrometers;
the sample thickness is thin (a few micrometers) which limits
potential distortions caused by geometric, dispersive, and
phase-mismatch effects; the material is fully isotropic, which
makes it completely polarization insensitive; high THG sig-
nals are produced without the use of phase matching or cas-
cading of quadratic nonlinear effects, which provides a broad
wavelength tuning range.
For our experiments, we used an optical parametric os-
cillator that emits pulses at a rate of 82 MHz with typical
duration of 90 fs that are tunable from 1.4 to 1.6 mm. Au-
tocorrelation measurements were performed with a standard
Michelson interferometer setup in which the relative optical
pass length between the arms of the interferometer was
modulated by a PZT crystal at frequency of 1 Hz. The two
copropagating beams were focused onto an organic thin film
sandwiched between two glass slides with a 4 cm lens. The
third-harmonic autocorrelation signal was collected by a sec-
ond lens, separated from the fundamental by means of a
color filter, and detected by a standard nonamplified silicon
detector. For the spectrally resolved experiments we used a
portable fiber spectrometer.
The organic thin film is a polymer composite containing
the push–pull chromophore [2-tricyanovinyl 3-hexyl-5s4-
NN8diphenyl-4-dibutyld vinyaniline thiophene]12 the mo-
lecular structure of which is shown in the inset of Fig. 1. The
chromophore is doped into a polymer host. For the studies
presented here, the matrix was polystyrene and the doping
level was 20 wt %. Comparable results can be obtained in
other polymer matrices and at different doping levels. The
samples were prepared in air by first dissolving the guest
chromophore and the host polymer matrix in chloroform and
stirring. Then, the solvent was evaporated using a rotor vapor
and yielded a solid material. The solid polymer composite
was sandwiched between two glass slides and melted on a
hot plate at 170 °C. The thickness of the sample was con-
trolled by calibrated spacers. The samples were then encap-
sulated by applying epoxy around the edges of the glass
slides. The films had excellent optical quality, showing neg-
ligible light scattering in the visible and near infrared (NIR)
and shelf lifetimes of several months.
Figure 1 shows the measured linear absorption spectrum
of a thin organic film made from the composite by spin coat-
ing. The arrows indicate the spectral position of the funda-
mental laser signal (1550 nm in this case), the wavelength
corresponding to twice the photon energy, and that of the
third-harmonic signal, respectively. Under optical excitation
with a single beam at wavelengths used for telecommunica-
tions s1.4–1.6 mmd, a strong visible third-harmonic signal is
observed by the naked eye in standard laboratory lighting
conditions. The strong third-order harmonic signal is due to
relatively low absorption of the sample on the high energy
side of the absorption band where the signal is generated.
This reduces reabsorption of the nonlinear signal. Figure 1
also shows the dispersion of the refractive index calculated
from the absorption spectrum using Kramers–Kronig rela-
tions and by matching the refractive index of the film that
was measured at 1550 nm with a prism coupler (Metricon,
model 2010).
To characterize the nonlinearity of our films we mea-
sured the third-harmonic signal power in a single beam ex-
periment as a function of the pump power. Figure 2 shows
the results measured in a 10-mm-thick film. It clearly shows
that the signal has cubic dependence on the incident power.
At the maximum pump power of 250 mW, a third-harmonic
signal of 17 mW was generated. An estimate of the magni-
tude of the third-order susceptibility of our films was made
in plane wave approximation, yielding a value of xs3d=0.82
310−19 sm/Vd2 s0.62310−11 esud.
Figure 3 shows a real-time third-order interferometric
autocorrelation trace using a 12-mm-thick film with an input
pump for the autocorrelator of 60 mW, which after Fresnel
losses in the beam splitter is reduced to 22 mW at the ouput.
In Fig. 3 we clearly see a signal to background ratio of 32:1
distinctive of third-harmonic generation autocorrelations.13
Assuming that the pulses have a Gaussian shape, the decon-
volution of the third-order autocorrelation yields a pulse of
93 fs [full width at half maximum (FWHM)]. The spectral
width of the incident pulses was 38 nm (FWHM), indicating
that they were nearly Fourier transform limited. For compari-
son purposes, we also generated a second-order autocorrela-
FIG. 1. Absorption spectrum (solid line) measured in a thin sample and
calculated index dispersion (dotted line). Inset: Molecular structure of the
nonlinear chromophore. Arrows indicate the frequencies for the fundamen-
tal, two-photon resonance, and third harmonic.
FIG. 2. Third-harmonic signal power as a function of the input fundamental
power measured in a 10-mm-thick sample at 1550 nm. Inset: Spectrum of
the third-harmonic signal measured behind the sample with a fiber
spectrometer.
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tion by replacing the organic film with a 500-mm-thick BBO
crystal. An identical pulsewidth was obtained.
The advantages of third-order autocorrelation techniques
over second-order techniques have been previously
discussed9,10,13 and solutions based on three-photon absorp-
tion in photodiodes9 provide a means by which to character-
ize asymmetric pulses and remove direction-of-time ambigu-
ity. Unfortunately, they provide only information on the
pulse’s amplitude not its phase. For complete characteriza-
tion of short pulses, full knowledge of both is required. This
can be done through time-frequency domain measurements
such as FROG. Such pulse measurement methods usually
require spectrometers coupled to expensive highly sensitive
detector arrays. With the third-order autocorrelator that is
described here, the nonlinear signal power is sufficient that
its spectrum can be measured with a low-cost spectrometer
such as a compact portable fiber spectrometer. The inset of
Fig. 3 shows an example of such an experiment and demon-
strates its feasibility.
In conclusion, nonlinear optical autocorrelation by use of
efficient third-harmonic generation in an organic polymer
composite was demonstrated. An efficient third-harmonic
signal could be produced in mm-thick films by choosing the
nonlinear chromophore such that the material is transparent
at the photon energy of the incident pulse, strongly absorbing
at twice the photon energy to provide a two-photon reso-
nance effect to the nonlinearity, and weakly absorbing at the
third harmonic to reduce reabsorption. The autocorrelator we
demonstrated combines low cost, portability, high sensitivity,
and polarization insensitivity. Furthermore it can be used to
characterize pulses from 1.4 to 1.6 mm which makes it useful
for the characterization of pulses for telecommunications.
More important, its high sensitivity makes it suitable for full
characterization of ultrafast pulse using a time-frequency do-
main technique such as (FROG)10 using low-cost portable
fiber spectrometers. Such experiments are currently
underway.
This work was partially funded by Nippon Sheet Glass
Co., Ltd., and by NSF through a CAREER program grant to
one of the authors (B.K.). One author (M.C.) was partially
supported by Korea Research Foundation Grant No. KRF-
2001-013-D00037. Another author (G.R.-O.) acknowledges
support from the Mexican governmental agency CONACYT.
1M. Hofer, M. E. Fermann, A. Galvanauskas, D. Harter, and R. S. Wind-
eler, Opt. Lett. 23, 1840 (1998).
2B. B. Hu and M. C. Nuss, Opt. Lett. 20, 1716 (1995).
3J. A. Valdmanis and G. Mourou, IEEE J. Quantum Electron. 22, 69,
(1986).
4D. Huang, E. A. Swanson, C. P. Lin, J. S. Schuman, W. G. Stinson, W.
Chang, M. R. Hee, T. Flotte, K. Gregory, C. A. Puliafito, and J. G.
Fujimoto, Science 254, 1178 (1991).
5W. Denk, J. H. Strickler, and W. W. Webb, Science 248, 73 (1990).
6J.-C. M. Diels, J. J. Fontaine, I. C. McMichael, and F. Simoni, Appl. Opt.
24, 1270 (1985).
7Y. Tagaki, T. Kobayashi, K. Yoshihara, and S. Imamura, Opt. Lett. 17,
658 (1992).
8A. M. Streltsov, K. D. Moll, A. L. Gaeta, P. Kung, D. Walker, and M.
Razhegi, Appl. Phys. Lett. 75, 3778 (1999).
9P. Langlois and E. P. Ippen, Opt. Lett. 24, 1868, (1999).
10R. Trebino, K. W. Delong, D. N. Fittinghoff, J. Sweetser, M. A. Krumbü-
gel, B. Richman, and D. J. Kane, Rev. Sci. Instrum. 68, 3277 (1997).
11M. Samoc, A. Samoc, and B. Luther-Davies, Opt. Express 11, 1787
(2003).
12S. Thayumanavan, J. Mendez, and S. R. Marder, J. Org. Chem. 64, 4289
(1999).
13D. Meshulach, Y. Barad, and Y. Silberberg, J. Opt. Soc. Am. B 14, 2122
(1997).
FIG. 3. Interferometric autocorrelation trace measured from the third-
harmonic signal.
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